October  1974 


TECHNICAL  REPORT 
75-38-CE  - 


DEVELOPMENT  COMPOUNDING  AND 
EVALUATION  Of:  PHOSPHAZENE  RUBBER 
FOR  HELICOPTER  SEAL  APPLICATIONS 


Approved  for  public  r«!«QS9; 
distribution  unlimited. 


by 

Angus  Wilson 


D D G\ 

a***  a II 


' UNITED  SIAJES  A fa 7. 
NATICK-  lABORSIoJilf $ 
Natick.  Wassachusert/s'  01160 


* 


Approved  for  public  release;  distribution  unlimited. 

Citation  of  trade  names  in  this  report  does  not 
constitute  an  official  indorsement  or  approval  of  the 
use  of  such  items* 

Destroy  tbla  report  vhen  no  longer  needed.  Do  not 
return  it  to  the  originator. 


uccas.'M  tv 


!M  ikim  pn 

4t  :»•;«««  'll 


V 


KT1S  WSK( 

CCI  «: 

mfmym  a 




Srramwp.y 


lii  r • vW* 


V 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  fWXw  Pm#  BMotoQ 

I REPORT  DOCUMENTATION  PAGE 


1.  GOVT  ACCESSION  NOJ 


READ  DtmtUCnONB 
*'nJOKt  COMPLETWQ  FORM 
RECIPIENT'S  catalog  hunger 


TITLE  f«W(  JuttiUaJ ^ 

Development  Compounding  Evaluation  of 
Fhosphasene  Rubber  for  Helicopter  Seel  Applicatic 


I.  TYPE  OF  REPORT  A PERIOD  COVERED 

28  Peb  72  - 31  Aug  73 


performing  oro.  refort  hunger 


7-  AUTHORf.) 

Angu^A  Wilson 


Contract  or  grant  humberc*) 


* Q 

T ■ 


1.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Materials  Application  Division 


Lication  Div 
torv.  STSNLt' 
c_IAf'Or-itori 


10.  PROGRAM  ELEJ4ENT.  PROJECT.  TASK 
AREA  A WORK  UNIT  NUMBERS 


II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS  . rJL. It  WPQFT  OATf 

US  Army  Materials  and  Mechanics  Research  Center  ( f /]  OctMeP**07U  / 

Fibers  and  Polymers  Div.  AMYMR-PJ  -ri^EDwtR-or  vrgei - 

Watertown.  Mass. 21 

14.  MONITORING  AGENCY  name  • ADDRESSff/  rftffmnl  from  Contrail htf  Office;  IS.  SECURITY  CLASS,  (ol  (M.  report; 

i unclassified 

/C  ' /“'//  c > — * / 


«•.  OECL  ASSI FIC  ATION7DOWNORADING 
SCHEDULE 


Is  OISTRIGUTION  STATEMENT  (ol  IMo  Report; 

Approved  for  public  release;  distribution  unlimited. 

Citation  of  trade  names  In  this  report  does  not  constitute  an  official 
indorsement  or  approval  of  the  use  of  such  items , 

Destrpy  this  report  liien  no  longer  needed.  Do  not  return  it  to  the  originator , 


17.  OISTRIGUTION  STATEMENT  (ol  lh«  aAoiroct  mfaretf  In  Block  39,  ll.rft**aran»  from  Report) 

■ tT-,  . ” V ; - 

a?  / /j 

v.  J /✓  ' S 

V.; 

II.  supplementary  notes 

IS.  KEY  WORDS  (Continue  on  mm 

RUBBER  COMPOUNDING 

PH03PHAZENE  SEALS 

n n c 

j - ! \_> 

- — : in  i ;r~ 

f < 

AUG  8 1975 


. rr  p j T7  i 

IbLLLcU  U Lai 


RUBBER 

COMPOUNDING 

elastomers 


POLYMERS  LOW  TEMPS  ATURE 

HELICOPTER  TRANSMISSIONS  EVALUATION 
HELICOPTERS  SYNTHETIC  ADDITIVES 


21.  ABSTRACT  fConffau*  on  rovoroo  ai*  1/  nacttaarp  Identity  by  block  number)  r-  r ^ ^ '-i 

polyphoaphazene  copolymer,  -^P  (CXJHjjCFj^  • NP  ((XJHgCoF^CFgHjg^^^ 
was  compounded  with  a variety  of  black  and  non-black  reinforcing  Tillers, 
curing  agents  and  other  rubber  additives.  Optimum  properties  were  obtained 
using  silicas,  silane  treated  clays,  or  combinations  of  these,  in  conjunction 
with  peroxide  curing  agents.  Tensile  strengths  of  116  Kg/cm  (1650  psi)  were 
achieved  and  lip  seals  were  molded  and  gave  evidence  of  potential  use. 

| The  cured  rubber  was  flexible  to  -5U*C  and  showed  good  resistance  to 

temperatures  up  to  Iflfo.  

DO  I JAM  71  1473  EDITION  OF  t NOV  CB  IS  OBSOLETE 


SECURITY  CLASSIFICATION  OF  THIS  RAGE  (Whon  DM*  Bntorod) 


V ' f ?0j- 


IPMUI.W 


DEVELOPMENT  COMPOUNDING  AND  EVALUATION 
OF  PHOSPHAZENE  RUBBER  FOR  HELICOPTER  SEAL  APPLICATIONS 


ANGUS  F,  WILSON 


DISTRIBUTION  STATEMENT  A 


irovod  lor  public  release; 
Dit'tribi'tian  Unlimited 


foreword 


compowiding^nd^ testing  o^Ysf^  fr0"  the  development 

the  structure:  ^ polyphosphates  rubber  copolyme?  with 

-fNP  (OCH2CF3)2  - NP  (OCH2C3F6CF2H)2^_ 

and  SSlS  °f  »P««r  rtrensth, 

applicatimsf  1303311316  Use  of  the  material^  heHcoptefseal  ^ 

of  thfl™  teterLeL^ndTPblie-  bJ,DHorizo"s.  Inc.,  a contractor 
was  carried  out  for  the  Orga^^Materi  h Center  (AMMRC).  Work 
a customer  order,  PROW.  NO?  Aw!l^?^;5?0JaM''KOr7ROfda>!f  ° Under 
project  were  furnished  by  AVSCOM 


2 


} 

? 

l-c- 


A 


K 


TABLE  OF  CONTENTS 


T.  Introduction 


II.  Materials 


III.  Compound ing , Curing  and  Testing  Procedures 


IV.  Results  and  Discus'' ion 


A.  Preliminary  Compounding 


B.  Fractionation 


C.  Heat  Treatment 


D.  Solution  Mixing 


E.  General  Compounding 


F.  High  Temperature  Aging  and  Seal  Testing 


G.  Low  Temperature  Properties 


V.  Summary  and  Conclusions 


VI.  Future  Work 


VII.  References 


Appendix  A - Identification  of  Compounding  Ingredients 


Appendix  B - Tables  of  Compounding  Ingredients  and  Test  Results  21 


I 1 


Development  Compounding  of  Phosphazene  Rubber  for 
y licopter  Seal  Applications 

I.  Introduction 

Phosphazene  rubber  (or  phosphonitrilic  fluoro-elastomer)  vras 
developed  under  an  Arny  Materials  and  Mechanics  Research  Center  (AMMRC), 
Watertown,  Massachusetts  contract  with  Horizons,  Inc.,  Cleveland,  Ohio. 

The  original  work  was  directed  toward  the  development  of  a fuel  and  oil 
resistant  rubber  that  wou.d  remain  flexible  at  low  temperatures.  Under 
the  program  several  polymers  were  made  and  one  of  them,  a copolymer  with 
the  st  jcture: 

4np(och2cf3)2  - np(och2c3f7)2o_ 

underwent  development  compounding  and  testing  at  NLABS  from  1968  to  1970. 
The  data  obtained  showed  the  material  to  be  a rubber  with  excellent  fuel 
resistance,  and  with  flexibility  down  to  approximately  -55°C,  although 

r- 

the  physical  properties  were  poor,  i.e.  tensile  strength  below  61.2  Kg/cm* 
(870  psi).  1,2,3 

In  1972  AMMRC  expanded  the  program  with  Horizons,  Inc.  to  inclu^*- 
the  development  of  candidate  phosphazene  rubber  compounds  for  evaluation 
as  seal  material  for  helicopter  transmission  shafts.^  The  polymer  chosen 
for  this  was  a copolymer  with  the  structure: 

-£NP(0CH2CP3)2  - NP(OCH2C3F6CF2H)2^ 

and  the  target  properties  sought  were  a Shore  A durometer  of  75  to  90, 

2 

minimum  tensile  strength  of  105.5  Kg/cm  (1500  psi),  and  minimum  ultimate 
elongation  of  175$.  After  heat  aging  70  hours  at  150°C  the  allowable 
maximum  changes  were  to  be  +10  points  durometer,  -25%  tensile  strength, 
-30%  ultimate  elongation. 

As  part  of  the  helicopter  seal  program  AMMRC  transferred  funds  to 
NLABS  for  development  compounding  to  attain  the  target  properties,  and 
for  evaluation  of  the  materials  produced.  Compounding  was  also  carried 
out  by  Horizons,  Inc.,  suppliers  of  the  polymer,  and  later  in  the  pro- 
gram by  personnel  at  the  Mobility  Equipment  Research  and  Development 
Center  at  Fort  Belvoir,  Virginia. 

♦Tensile  strengths  are  expressed  as  Rg/om  in  accordance  with  the  ASTM 
method  uses|  in  their  measurement.  If  desired,  the  data  can  be  concerted 
from  Kg/cnrto  pascal  by  multiplying  the  given  value  by  9.806  x 10  . 
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II.  Materials 


Five  batches  of  copolymer -ENP(OCH2CF3)2  - NPCOCHgC^CFgH)  c\ 

were  received  from  April  through  November,  1972  and  were  identified 
as  follows: 


Viscosits 


n|,  acetone 


Batch  Amount , grams  Viscosity.  t~n1,  acetone 

1785-4 7A  246  1.85 

1829-20  206  2.41 

1869-34  450  1.8 

1785-47A(2)  450  1.85 

1931-07  910  1.71 

The  identi  y and  source  of  wither  materials  used  in  the  compounding 
studies  are  given  in  the  Appendix. 

Tests  on  the  raw  polymer  showed  it  to  be  soluble  in  acetone  and 
methyl  alcohol,  and  insoluble  in  benzene  and  70/30  isooctane/toluene 
by  volume. 

III.  Compounding,  Curing,  and  Testing  Procedures 

Generally,  batches  using  5 grams  of  rubber  were  prepared. 
Ingredients  were  weighed  on  an  analytical  balance  and  compounded  on  a 
rubber  mill  with  25-mm  (l-^n. ) diameter  rolls,  turning  at  a 10/7*5 
speed  ratio.  After  mixing,  the  rubber  compound  was  removed  from  the 
25-mm  mill  and  sheeted  to  the  desired  thickness  on  a 76-mm  (3-ln.) 
mill.  It  was  then  molded  and  cured  using  a 1.9-mm  (0.075-in.)  thick 
mold  of  the  following  configuration  and  dimensions: 


19  mm 


ndt  mm 


35.7  mm  ^ 

The  use  of  teflon  sheeting  on  either  side  of  the  mold  cavity, 
required  when  molding  previous  phosphazene  rubbers  was  unnecessary  with 
this  copolymer,  and  a light  silicone  spray  coating  was  found  sufficient 
to  provide  release. 

Oven  post  curing,  where  used,  was  done  in  a circulating  air  oven 
of  the  type  specified  in  ASTM  Method  D573-67. 
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Tensile  and  elongation  testing  was  done  according  to  ASTW  Method 

412-68,  except  that  a non-standard  test  specimen  (shaped  to  the  mold 
dimensions  shown  above)  was  used. 

Shore  A durometer  values  were  obtained  according  to  ASTM  Method 
224  8.  The  tensile  test  specimen  was  used  for  this  test  and  values 

were  obtained  on  the  tab  ends  of  doubled  specimens,  backed  up  by 

another  rubber  material  of  similar  durometer  to  provide  sufficient 
thickness. 

Low  temperature  flexibility  (Qehman  torsional  stiffness)  values 
were  obtained  according  to  D-IO53-65. 

■^7*  Results  and  Discussion 

A*  Preliminary  Compounding 

In  order  to  compare  the  new  material  with  the  rubber  previously 

evaluated,  a sample  of  batch  1785-47-A,  was  compounded  in  a recipe  which 

With  the  previous  material  had  given  a tensile  strength  of  6l,2  Kg/cm2 

(870  psi)  - the  highest  obtained.  The  recipe  In  parts  by  weight  was  as 
follows : 

Polymer  100 

Hisil  233  15 

Magnesium  oxide  5 

Dicup  40C  ^ 

The  first  three  ingredients  were  mill  mixed  and  bin-aged  one 
week  at  room  temperature  prior  to  milling  in  the  Dicup  400.  The  speci- 
men was  then  press-cured  1 hour  at  143°C;  press-coooled;  and  oven-pcst- 
cure  1 hour  at  93=0.  1 hour  at  104°C,  ! hour  at  l2l°C  and  16  hours  at 
141  Cj  and  gave  the  following  results: 

Tensile  strength  23.2  Kg/cm2(330  psi) 

Ult.  Elongation  200$ 

Shore  A durometer  45 

The  compound  was  repeated  but  without  bin-aging,  and  the  material 
was  mill  mixed  and  press  cured  the  same  day,  with  the  following  resulta: 
Tensile  strength  44  Kg/an2(625  psi) 

Ult.  Elongation  200$ 

’ ore  A durometer  45 

.Although  part  of  this  higher  tensile  result  could  be  attributed 
o experimental  difference,  it  appeared  that  bin-aging  had  no  beneficial 
effect  on  the  tensile  strength  of  this  compound. 
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Essentially  the  same  compound  was  again  mixed,  except  that  1.5 
parts  of  stearic  acid  was  added  as  a lubricant,  and  to  remedy  a 
tendency  of  the  compound  to  stick  to  the  small,  mill  rolls  during 
mixing.  The  addition,  while  resulting  in  a smoother  sheet  off  the  mill 
did  little  to  relieve  the  tendency  to  stick,  and  the  cured  material 
had  many  small  surface  bubbles.  This  batch  also  was  mill  mixed  and 
press-cured  the  same  day,  and  gave  these  results: 

Tensile  strength  12.2  Kg/cm  (600  psi) 

Ult.  Elongation  250$ 

Shore  A durometer  46 

Since  the  recipe  used  above  was  a basic  and  simple  formula, 
compounds  were  mixed  eliminating  various  ingredients  to  determine 
their  effect  on  physical  properties.  A compound  was  mixed  containing 
only  the  polymer  anu  dicuinyl  peroxide  as  follows: 

Polymer  100 

Dicup  40C  4 

Press  cured  60  min/l27°C 

Oven  cured,  for:  1 Hr/93°C,  1 Hr/l04°C,  1 Hr/l21°C,  and  then 

16  Hr/l41°C 

This  gave  a tensile  strength  of  less  than  0.7  Kg/cm^(lO  psi), 
comparable  to  that  of  a specimei  of  press-molded  gum  rubber. 

To  test  the  effect  of  magnesium  oxide,  the  compound  was  again 
mixed,  this  time  with  the  addition  of  5 parts  of  the  oxide,  and  press- 
cured  and  oven  cured  as  before.  The  results  this  time  were 
17.6  Kg/cm  (250  psi)  tensile  strength^  and  330$  ultimate  elongation. 
Thus,  this  initial  series  of  uompounis  shows  that  diuumyl  peroxide 
alone  causes  little,  if  any.  effective  curing  of  the  phospliazene 
copolymer.  Addition  of  magnesium  oxide  to  the  peroxide  causes  a. 
marked  improvement  in  the  tensile  strength,  and  the  addition  of  a 
silica  filter  to  these  two  ingredients  increases  the  tensile  again, 
by  a factor  of  2.5« 

B.  Fractionation 

To  check  the  possibility  that  the  tensile  strength  of  the 
rubber  could  be  improved  by  removing  its  lower  molecular  r 
portion,  a small  quantity  of  the  raw  gum  was  fractionated  by 
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coagulation  from  in  alcohol  solution:  25  grams  of  raw  polymer  were 

dissolved  in  200  ml.  of  reagent  methanol,  and  300  ml.  of  benzene  was 
added  dropvri.se,  with  stirring,  over  a period  of  hours.  The  coagulated 
polymer  was  allowed  to  settle  out  and  the  liquid  decanted.  The  polymer 
was  air-dried  at  room  temperature  for  18  hours,  and  at  85°  to  88°C  for 
one  hour.  The  yield  was  80$,  i.e,  20  grams,  and  the  material  was  less 
tacky,  ana  appeared  somewhat  tougher,  than  the  parent  polymer.  The 
decanted  liquid  was  evaporated  at  room  temperature  and  the  residue  dried 
for  one  hour  at  93°C.  This  material  was  flowable,  soft  and  very  tacky, 
with  apparent  low  viscosity. 

The  coagulated  rubber  portion  was  cured  according  to  the  following  recipes, 
with  the  following  results: 


Fractionated  Polymer 

100 

100 

100 

Hisil  233 

15 

35 

15 

Magnesium  oxide 

5 

5 

r 

Dicup  40C 

4 

2.5 

2.5 

Press  cure  Min/°C 

60/143 

60/143 

60/143 

Oven  cure  Hrs/°C 

1/93 

1/93 

.1/93 

1 * 

1/104 

1/104 

1/104 

i/121 

1/121 

1/121 

’ 

f 

16/141 

16/141 

16/141 

9 

Tensile,  Kg/cm  (psi) 
Ult.  Elong.,  % 

Shore  A duro. 


47.1(670) 

1.0 

67 


40.8(580) 

180 

46 


47.1(670) 

180 
45 

The  data,  when  compared  with  that  obtained  on  whole  polymer,  compounded 
in  similar  recipes  (see  above),  shows  no  real  superiority  for  the  fractionated 
material,  and  would  indicate  that  the  presence  of  low  viscosity  material  was 
not,  or  at  least  was  not  alone,  responsible  for  the  low  strength  values 
obtained  on  this  copolymer. 

C.  Heat  Treatment 

The  effect  of  heat  applied  during  various  phases  of  compounding  was 
investigated  using  the  following  recipe: 
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f ‘.oymov  i.ydy-.V./A 

100 

Kypill.c  D 

5 

H * o 1j  2d  j 

18 

D.T-r.r.  :.(:C 

J, 

h 

aoirponond  was  pro ss~?m\ 

id  1.3  hours  at  143°C 

and  oven  cured  45  minutes 

j'o,  :,,5  at  IO.V'0 , 45  ai 

• 121°C,  anu  16  hour's 

at  143°C,  and  gave  the 

owing  values; 

Ter:  si  To  strength 

38,7  Kg /cm2 

(550  psi) 

bit.  Elongation 

280$ 

Shore  A durometer 

50 

The  compound'  was  repeated  and  all  the  ingredients  except  the  dlcumyl 
peroxide  were  milled  together  and  oven  heated  for  16  hours  at  100°C.  It 
was  then  returned  to  the  mill  for  addition  of  the  peroxd.de  and  was  cured 

as  above,  with  these  results; 

2 

Tensile  strength  56.3  Kg/cm  (800  psi) 

Ult.  Elongation  260$ 

Shore  A ourometer  51 

"he  origins!  compound  was  again  repeated  but  no  oven  cure  was  used,  and 
these  values  were  obtained; 

Tensile  strength  66.8  Kg/cm2  (950  psi) 

Hit.  Elongation  280$ 

Shore  a durometer  43 

Another  mix  of  the  compound  was  made,  in  which  all  ingredients  except  the 
i oroxi.de  were  mill  mixed  and  oven  heated  for  16  hours  at  100°C,  prior  to 
final,  nulling,  and  which  was  not  oven-post  cured,  gave  the  following; 

Tensile  strength  70.3  Kg/cm^  (1000  psi) 

Ult..  Elongation  260 $ 

Shore  A durometer  40 

The  series  shows  that  mill  mixing  and  oven  heating  of  ingredients  before 
final  mixing  and  curing  improves  physical  properties,  and  that  elimination 
of  oven-posteure  also  results  in  improved  properties.  However,  the  combina- 
tion of  preheating  and  oven  dire  elimination  gave  only  slightly  higher  values 


*A  172  is  an  organo  silane  (see  Appendix),  one  of  a class  of  materials 
currently  finding  use  in  rubber  compounding  to  promote  interactionbetween 

rabbet*  and  non* -black  filters  (5). 
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tnan  elimination  of  oven  .cure  alonef  and  the  difference,  in  fact,  can  be 
attributed  to  normal  test  variation.  The  results  strongly  indicate  that 
lengthy  oven-postcuring  is  unnecessary  with  the  dicunyl  peroxide  cure 
system. 

There  was  a possibility  that  the  heat  resistance  of  the  cured  rubber 
could  be  improved  by  heating  the  raw  rubber  prior  to  compounding,  on  the 
hypothesis  that  such  treatment  would  eliminate  those  portions  of  polymer 
most  heat  susceptible  and  leave  a residue  of  heat  resistant  material. 
Accordingly  a 15-gram  sample  of  raw  rubber  was  heated  for  96  hours  at 
149°C.  The  material  lost  0.  5$  of  its  weight  and  became  dark,  trans- 
parent, and  flowed  out  flat  and  level.  It  was  compounded  using  the 
recipe  given  above  and  gave  a soft  putty-like  mass,  which  when  press- 
cured  for  60  minutes  at  143°C  gave  a tensile  of  less  than  0.?  Kg/cm^(<10  psi). 

A second  sample  of  ’■'aw  rubber  was  mil]  mixed  with  the  Hisil  233 
(from  the  above  recipe)  and  then  heated  for  96  hours  at  149°C.  This 
material  lost  1$  of  its  weight  but  did  not  darken  t-'<  the  extent  that  the 
raw  rubber  had,  and  did  not  flow,  or  lose  its  shape.  T.r,  was  compounded 
with  the  remaining  recipe  ingredients  and  press-cured,  and  gave  a 
tensile  strength  of  less  than  0.7  Kg/cm2 (.10  psi). 

These  mixes  clearly  show  that  the  heating  at  149°C  in  air  results 
in  severe  degradation  of  the  base  polymer,  probably  due  to  depolymerization. 
Allcock,  Kugel  and  Valan^  had  demonstrated  that  methoxy,  ethoxy,  trifluoro- 
ethoxy  and  phenoxy  derivatives  of  (NPClg^ suffered  depolymerization  below 
200  C,  and  that  solution  viscosity  measurements  showed  a viscosity  de- 
crease after  heating  8 hours  at  150°C.  Further,  their  work  showed  reten- 
tion of  form  and  integrity  when  treated  in  a vacuum  8t  200°C,  but  depoly- 
merizatibn  ih  nitrogen  kt  15C°0  and  200°C. 


D.  Solution  Mixing 

Jo  check  the  efficiency  of  the  milling  procedure,  especially  in  the 
mixing  of  the  filler  into  the  baee  rubber,  a compound  was  made  by  dissolving 
the  rubber  and  then  adding  the  filler-,  as  fol.'.ows: 

Twelve  grams  of  polymer  1.785-47A  were  dissolved  in  100  ml  of  methanol, 
and  2.16  gms  of  Hisil  233  (equivalent  to  18  parts  per  hundred  parts  of  rubber) 
were  stirred  into  the  solution.  The  mixture  was  allowed  to  stand  for  three 


T 


-#s 


T nolle  strength 
tUt.  Elongation 


t h-:  pour&i  into  an  evaporating  dish  with  three  methanol  rinsings 
o;v  h.  The*  methanol  was  allowed  to  evaporate  away  at  room  temper* 

•X;**!  day..  The  polymer/filler  residue  was  dried  for  2 hours  at  0O°C, 

.•  with  grngnesinm  oxide  and  dlcumyl  peroxide,  and  press  and  oven 

ho  results  obtained  were* 

72.1  Kg/om2  (1025  pal) 

31Q,£ 

Shore  A durometer  36 

These  results  were  comparable  to  the  results  obtained  on  mill  mixed  stocks 
discussed  in  the  previous  section  and  showed  mixing  on  the  1”  mi'll  to  be  an 

efficient  mixing  procedure. 

Er  General  Compounding 

•'  batches  of  polymers  (1785-47A  and  1829-20)  were  used  to  make  a 
series  of  > pounds  in  which  both  rubbers  were  formulated  in  the  same  recipes 

I 

This,  in  effect,  gave  a duplicate  test  of  the  individual  recipes  aid  provided 
an  opportunity  to  observe  any  trend  toward  a difference  in  the  properties  of 
in a two  base  rubbers.  The  compounds  formulated  and  the  results  obtained, 
listed  in  Table  I,  show  that  in  most  instances  there  was  no  significant 
difference  between  the  two  bitches  of  polymer.  The  sole  exception  was  the 
pair  47--A--10  and  20-10  made  with  filler  of  silica  and  carbon  black,  with 
which  the  1829-20  polymer  gave  a tensile  strength  of  70  Kg/cm2  (995  pei), 

p 

compared  to  14  Kg/cm  (200  psi)  for  the  1785  - 47A  polymer. 

Double  batches  of  those  two  compounds  were  prepared,  split  in  half, 

and  press-cured.  One  specimen  of  each  was  uven-po st cured-  and  the  other  was 

2 

not.  Compound  1829-20  gave  a tensile  of  67  Kg/cm  (955  p«i)  with  oven  cure 
and  56  Kg/crn  (795  psi)  without' 5 • 1785-47A  gave  46  Kg/cm  (655  p3i)  with  oven 
cure  and  39  Kg/cm  (555  psi)  without.  Although  the  1829-20  polymer  again 
cave  the  higher  strength  results,  the  difference  was  not  aa  great  aS  with 

■the  previous  mix 


Another  mix  of  the  compounds  was  prepared,  this  time  with 

results  of  67  and  2d  Kg/cm  (955  and  355  psi)  respectively.  The  two  compounds 

were  then  mixed  with  a , a ; -bis ( t-butyl  peroxy)  diisopropylbena&ne  (Vulcup  /+0KE) 

2 

substituted,  for  the  dicumyl  peroxl.de  with  similar  results  of  65  and  17  Kg/cm 
(925  and  245  psi).  Thus  the  results  show  the  tensile  values  obtained  with 
polymer  1829-20  to  be  consistent,  while  those  with  polymer  '1785-47A  to  be 
erratic , indicating  a sensitivity  of  this  material  to  the  silica/carbon  black 
filler  in  conjunction  with  peroxl.de  cures.  The  basic  reason  for  this  is  not 
apparent. 
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Otherwise,  a review  of  the  results  contained  in  Table  I (see  Appendix  B) 

shows  that  the  highest  strength  values  were  obtained  with  the  silica  filler, 

dicumyl  peroxide  cure  (54.8  Kg/cm  ) (780  psi)  and  with  a HAF  black  filler, 

2 

dicumyl  peroxide  cure  (59  Kg/cm  ) (840  psi),  values  still  short  of  the  target 
value  of  105  Kg/cm^  (1495  psi). 

The  use  of  phenol-formaldehyde  resins  (Amberol  and  Durez)  in  conjunction 
with  either  peroxide  or  amine  cures  gave  poor  ten'.ile  properties.  Likewise, 
the  use  of  the  Diaks,  developed  for  curing  fiuoroelastomers,  resulted  in 
complete  degradation  of  polymer  strength  properties.  This  could  have  been 
due  either  to  the  effect  of  materials  themselves,  the  higher  temperatures 
required  for  their  activation,  or  a combination  of  these  factors. 

In  order  to  conserve  polymer,  since  the  amounts  available  were  relatively 
small,  the  practice  of  making  a group  of  compounds  from  two  different  batches 
of  polymer  was  discontinued.  Instead  a series  of  compounds  was  made  to 
evaluate  the  effects  of  various  curing  agents,  fillers,  coupling  agents,  and 
other  additives.  The  recipes  used  and  the  physical  properties  obtained  are 
given  in  Table  II. 

Analysis  of  the  data  allows  several  conclusions  to  be  drawn. 

The  use  of  a base,  such  as  TETA.  or  2 , 6-diaminopyridine  in  conjunction 
with  dicumyl  peroxide  (47-A-12,  57-A-16,  34-K)  resulted  in  tensile  reductions 
of  up  to  50$. 

A silica/HAF  black  filler  combination  (47-A-17)  gave  mediocre  physical 
properties. 

The  blending  of  polyphosphazene  polymer  with  ethylene  propylene  diene 
rubber  (20-11,  20-12)  gave  tensile  properties  inferior  to  those  of  straight 
polypho  spha  z ene . 

The  use  of  dibasic  lead  phosphite  (Dyphos)  in  a silica  filled  and 
dicumyl  peroxide  cured  stock  (20-13,  20-14)  slightly  improved  tensile 
properties. 

A group  of  compounds  made  to  investigate  dicumyl  peroxide  levels  and  cure 
times  (34-A  thru  34-H)  showed  that  2 part?  of  Dicup  40C  gave  tensile 
properties  equivalent  to,  or  slightly  higher  than,  those  obtained  with  4 
parts,  and  that  better  properties  were  attained  without  oven  postcure  than 
with  it.  This  is  in  agreement  with  results  contained  in  Table  I,  pre- 
viously discussed. 
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1 porooddo  levels  in  conjunction  with  the  use  of  dibasic 
.■vsphtto,  it:  compounds  subjected  to  oven  heating  prior  to  peroxide 
" (3 3t*»-Tf  ‘3k- 1 Hpt  and  34-J  Rpt)  showed  no  difference  between 

fv-r.-to  -.f  fieup  400 5 and  no  teusile  improvement  resulting  from 
cheating.  However,  the  dibasic  lead  phosphite,  sold  commercially 
got  and  heat  stabiliser  t or"':hlorlnat ed  rubbers  and  vinylb, ; may 
h toe  “fleets  normally  resulting  from  heat  , 


C-'irpo- ruling  without  any  filler  other*  than  20  parts  of  dibasic  lead 
oh- >3j:fHts  (3V-L)  gave  a very  low  tensile. 

with  a high  level  of  silica  (50  parts)  with  and  without 
the  c-oagent  Cheralink  30  (34-M,  34-N)  gave  a stiff  material  incapable  of 

being  bond:,  without  breaking. 

Vuleup  40KE  (iC'f  a**a * bi s ( t~but.yl  peroxy)  diisopropylbenzene  on  clay) 
in  conjunction  with  varying  amounts  of  silica  (34-0,  34-P,  34-Q)  gave 
tensil.es  up  to  91.4  Kg/cm  (1300  psi),  but  in  the  presence  of  2,6-dianrLno- 
pyridine  (34--H)  gave  poor  results.  The  use  of  a coagent,  Chemlink  30, 
with  ttc  Vrlcup  (34”R)  did  not  improve  the  strength. 

The  use  of  a clay  filler,  such  as  Burgess  OPE  (34-T  through  34-W) 
resulted  in  pro-.'  to  mediocre  cures-  The  use  of  a silane  treated  clay, 
Burgess  KB,  alone  or  in  combination  with  a silica  (34-AN,  34-AO)  showed 
substantial  improvement,  56  to  74  Kg/cm  (800  to  1055  psi)  compared  to 
15  to  44  Fg/cm2  (215  to  625  psi). 


A series  of  compounds  using  a variety  of  clay,  black  and  silica 

fillers  (34-X,  34-T,  34-Z,  34-AA  through  34-AP,  34--AT  through  34-AZ,  and 

34-BA  through  34-BH ) , in  combination  with  Vulcup  curing  agent  ranged  in 

tensile  strength,  .fcim...  21  .to.. .116  Kg/cm  (300  to  165.0  psi).  Those  meeting 

the  target  tensile  of  105.5  Kg/crn  (1500  psi)  were  compounds  using  a 

1 8 / 10  combination  of  silica  and  silane  treated  clay  (34^-AC),  a silane 

treated  silica  34-AH,  and  combinations  of  silane  treated  clay  and  silane 

treated  silica  (34--AI,  34-AJ,  34-AK).  .In  all  of  the  batches  additional 

silane  was  added  to  the  fillers  prior  to  milling.  The  highest  tensile 

2 

strength  achieved  was  in  compound "34-AI  with  a value  of  Il6y0- Kg/cm 
(1650  psi),  evidently  because  of  the  combination  of  clay,  silica,  and 
sil.an.es  used  in  the  filler  system. 
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Three  additional  peroxides;  2, 5-dimethyl-2, 5-bis(t-butyl  peroxy) 
hexane;  2-5-dimethyl-2, 5-bis(t-butyl  peroxy)  hexyne-3;  and  di-t-butyl 
peroxide  (34-AQ,  34-AR,  34-AS)  all  failed  to  achieve  the  tensile  strength 
achieved  with  the  Vulcup  40KE. 

Two  additional  batches  of  raw  rubber  evaluated  in  Vulcup  cured  stocks 

using  silica/clay  filler  combinations  (07-A,  07-B,  47-A  through  47-D)  gave 

slightly  lower  tensile  values  than  those  obtained  with  the  previously 

evaluated  rubber  (34-Al),  i.e.  98.4  and  102.0  Kg/cm2  (1400  & 1450  psi) 

2 

compared  with  116  Kg/cm  (lo50  psi). 

A series  of  compounds  containing  varying  amounts  of  silane  coupling 
agents  in  conjunction  with  a fumed  silica  filler  (Aerosil  200)  and  cured 
with  Vulcup  (47-G  through  47-V)  showed  no  advantage  over  the  base  compound 
made  without  silane  (47-F).  Of  the  four  silanes  used:  A151,  vinyl- 

triethoxy  silane;  A171,  vinyltrimethoxy  silane;  A172,  vinyl-tris 
(beta-methoxyethoxy)  silane;  and  A1100,  gamma-aminopropyltriethoxy  silane; 

2 parts  of  A1100  gave  the  highest  tensile  value,  91*4  Kg/cm  (1300  psi); 
but  this  also  was  attained  with  no  silane  and  the  results  indicate  that  no 
beneficial  effect  is  obtained  from  addition  of  silane  to  this  filler,  in 
this  polymer. 

Use  of  alumina  filler  or  a lumina /silica  blends  (47-Alon,  47-Alonsil  A, 

2 

47-Alonsil  B)  gave  mediocre  strength  values,  81  Kg/cm  (1150  psi)  or  less. 

The  use  of  hydrophillic  precipitated  silicas  (47-W  through  47-AB),  or 
naturally  occurring  amorphous  silicas  (47-AE  through  47-AH)  resulted  in  low 
strength  values. 

As  previously  discussed  the  highest  tensile  achieved  in  the  Table  II 

p 

compounds  was  116  Kg/cm'  (1650  psi).  However,  Horizons,  Inc.,  producers 

of  the  various  batches  of  polymer  had  achieved  tensile  values  in  the  140 

2 2 
Kg/cm  (2000  psi)  range,  and  with  one  compound  had  obtained  150. 8 Kg/cm 

(,2145  psi).  In  order  to  evaluate  the  consistency  of  properties  between 
different  batches  of  raw  rubber,  Horizons'  recipe  was  used  with  polymer 
1785-47A  (47-AC  and  47-AD).  Samples  of  the  individual  compounding  ingred- 
ients were  obtained  from  Horizons  and  used  to  mix  the  compound  and,  except 
for  the  peroxide,  were  either  oven  dried,  milled  together  and  bin  aged;  or 
vacuum  oven  dried,  milled  together  and  bin  aged  prior  to  peroxide  addition 
and  cure — the  latter  procedure  being  one  followed  by  Horizons.  The  high- 
est  tensile  obtained  was  80,9  Kg/cm  (1150  psi).  A s_',iilar  series  prepared 
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using  V’llcup  40KE,  instead  of  the  Luperox  500  40KE  provided  by  Horizons,  gave 
a high  tensile  of  91.4  Kg/cm"  (1300  psi).  The  difference  of  70  Kg/cm  (1000 
psi)  between  Horizons’  and  our  compounding  of  the  same  recipe  is  strong  indica- 
tion of  either  basic  strength  differences  in  various  batches  of  the  polymer 
or  strong  sensitivity  of  the  polymer  to  differences  in  compound  mixing 
procedures. 

The  effects  of  various  heat  stabilizer, o-  Dyphos  (dibasic  lead  phosphite), 

Dythal  XL  (dibasic  lead  phtalate),  and  Leadstar  (normal  lead  stearate)  - 

in  prevention  of  deterioration  during  cure  were  investigated  in  compounds 

47XXD  through  47XX3  and  47ZZ0  through  47ZZ3.  Dyphos  slightly  improved  the 

tensile  strength,  Dythal  XL  slightly  decreased  it,  and  Leadstar  resulted 

in  approximately  a 50$  reduction.  One  part  of  SRF  black  was  also  evaluated 

(47XX4  and  47ZZ4)  because  work  by  J.  A.  Williams  showed  that  a small  amount 

of  black  acts  as  a heat  stabilizer  in  silicone  rubber.  In  these  poly- 

phosphazene  rubbers,  however,  it  had  lu&tle  effect. 

In  Table  III  are  shown  results  obtained  on  a series  of  compounds  mao o 

with  polymer  batch  No.  1931-07.  Htdse  include  various  black  and  non-black 

fillers,  blends  with  another  polymer,  and  the  use  of  various  compounding 

additives  - all  compounds  being  cured  with  Vulcup  40KE.  The  series  again 

clearly  demonstrates  that  little  tensile  strength  can  be  developed  without 

a reinforcing  filler,  and  that  the  best  tensile  values  could  be  achieved 

using  the  fumed  silica  or  a silica/silane-treated-clay  combination.  The 

2 

highest  value  obtained  was  98^4  Kg/cm  (j.400  psi),  using  such  a combination. 

The  results  clearly  demonstrated  that  carbon  black  fillers  generally  gavp 

very  poor  results  and  in  many  cases  prevented  curing.  The  best  te~~  L^e 

2 

obtained  with  a black  was  63*3  Kg/cm  (900  psi),  and  this  was  in  a compound 
using  a blend  of  polyphosphazene  rubber  and  EPDM  rubber  (02-G).  Blending 
of  the  two  rubbers  resulted  in  low  tensile  values,  the  above  value  being 
the  highest  obtained. 

The  series  also  showed  that  a satisfactory  cure  could  be  obtained  by 

substituting  zinc  oxide  for  magnesium  oxide,  and  that  the  use  of  ultra- 

fine  talc  particles  as  a filler  produced  stocks  with  moderate  tensile 

2 

strength;  i.e.  approximately  49  Kg/cm  (700  psi). 
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F.  High  Temperature  Aging  and  Seal  Testing 

In  order  to  evaluate  the  ability  of  the  polyphosphazene  rubber 
to  meet  the  target  requirements  for  resistance  to  heat  aging,  compound 
34-AC  (Table  II)  was  mixed,  press  cured  20  minutes  at  l60°C  and  oven 
cured  18  hours  at  100°C.  Physical  properties  were  measured  before  and 
after  aging  70  hours  at  149°C,  with  the  following  results: 

Original  Aged  Change 
Tensile,  Kg/cm2  112.5  91.4  -19$ 

Elong. , $ 80  75  - 6$ 

Shore  A,  Duro.  Points  85  88  +3 

The  tests  showed  good  retention  of  properties,  under  these  aging 
conditions,  and  as  a result  a 50-gram  batch  of  the  compound  was  milled 
without  peroxide  for  fabrication  into  test  seals.  A small  portion  of 
the  compound  was  sampled  at  NLABS,  milled  with  the  peroxide  curing  agent, 


Target  Change 
-25$  Max. 
-30$  Max. 
+10  Max. 


cured  and  tested,  with  these  results: 

2 


Tensile:  112.5  Kg/cm  (l600  psi) 

Elongation:  90$ 

Shore  A:  79 

The  remainder  of  the  compound  and  curing  agent  was  sent  to 
Federal-Mogul,  Inc.  a contractor  engaged  in  testing  prototype  helicopter 
seal  materials  supplied  by  Horizons,  Inc.  The  curative  was  milled  into 
the  compound  and  seals  were  fabricated  by  Federal-Mogul  for  evaluation 
on  their  test  equipment. 

8 

As  reported  by  Federal-Mogul  , the  test  conditions  were: 

MIL-L-7808F,  230°F,  5500  RPM,  20  hours  on,  4 off,  test  to  be  terminated 
when  measurable  leakage  (of  the  lubricant)  occurred;  with  these  results: 

Seal  1:  dry  at  18.0  hours,  leaked  16  grams  after  42  hours. 

Seal  2:  dry  at  17. 5 hours,  leaked  5*9  grams  after  89.5  hours. 

These  values  were  intermediate  between  those  obtained  by 
Federal-Mogul  on  ocher  polyphosphazene  compounds. 

G.  Low  Temperature  Properties 

A compound  containing  15  parts  of  silica,  5 parts  of  magnesium  oxide, 

and  4 parts  of  Dicup  40C  (which,  when  press  and  oven  cured,  gave  a tensile 

2 

strength  of  23.2  Kg/cm  and  a Shore  durometer  value  of  45)  was  tested  for  low 
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temperature  stiffness  according  to  ASTM  Method  D 1053^5,  with  the  follow- 
ing  results: 


-47. 5°C 


10 


100 


-54.5 

-57.5 

-6-6.0 


v«  Summary  and  Conclusions 

The  copolymer,  -fWP  (OCH^).,  - NP  (00H2C  F Cf  ,H),A  is  curable 

Vi>ri°US  peroxWes-  and  the  best  results  were  obtained  with  dicunyl 
peroxide  (33.5  - 41.5*  active  supported  calcium  carbonate)  and  a 

a~a  ■bls(t'butJ’1  peroxy)  diisopropylbenzene  (39.5  . 41.535  active 
supported  on  silane  treated  clay). 

ne  beSt  re-nforcing  Ellers  for  the  copolymer  were  precipitated  and 
umed  silicas,  silane  treated  clays  and  combinations  of  these.  Carbon 

blacks  an  general  gave  poor  results  and  in  some  cases  interfered  with 
peroxide  cures. 

The  cured  rubber  exhibited  good  aging  resistance  and  low  temperature 
fxexabxlity  down  to  -54°C. 

, 2 ProPer4les  were  exceeded,  and  tensile  strengths  of 

no  Kg/om  (.1650  psi)  were  achieved,  and  with  the  use  of  proper  heat 
stabi.l-.zers  higher  strengths  might  be  obtained. 

VI  „ Future  Work 

Worx  will  continue  at  HUBS  on  compounding  of  these  and  other 
polyphospnazene  rubbers,  under  an  MRC  customer  order.  Emphasis  will  be 

achievlng  P»y=ibal  properties  and  cn  developing  compounds 

suitable  for  specific  fabrication  techniques,  including  dipping  and  coating. 
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Appendix  A 


Identification  (^Compounding  Ingredients 


fa-oarial 

Auras il  200 
Aerosil  300 
Aerosol  RS72 

Agerite  Resin  D 

A1  r 

/»'nbe'^ol  ST-137X 
3 rgess  KE 
largess  OPE 
Cabbowax  4000 
f.heTlink  30 
Diak  5 
Diak  & 

Ticup  40C 

Cures  12687 
Dyphcs 
Dythal  SL 
Elastomag  170 
Hisil  233 
1ms il  A10 
I mail  A15 
Leads tar 
Luperco  101  XL 

Luperco  130  XL 

Maglite  D 
Mxatron  Vapor 

Horde 1 1040 
Hulok  321  SP 
QUSQ  F22 
QUCO  G32 
0US0  H40 
QUS0  WP82 
Fcyalene  4C0 
Silane  A151 
Silane  Ai?l 
Silar.e  A172 
Si  lane  AI100 
Silancx  101 
Silene  EF 
Vulcup  40KE 


Composition 

Hydrophiilic  fumed  silica 
Hydrcphillifc  fumed  silica 
Fumed  silica  treated  with 
dirasthyldichioro  ailane 
Fciyvcerized  I,2-dihydro-2 ,2,4 
tr  ime,'"hylquinoline 
Fumed  Alumina 
Phenol-formaldehyde  resin 
Silane  treated  aluminum  silicate 
Aluminum  silicate 
Polyethylene-  glycol 
Trimsthyloi  Fropane  Trimethacrylate 
Treated  hydroquinor.e 
Proprietary  9 fluorocarbon  curing 
agent 

40%  dicunyl  peroxide  on  calcium 
carbonate 

Pher.ci-fcrmaldshyde  resin 
Dibasic  lead  phosphite 
Dibasic  lead  phthalate 
Magnesium  oxide 
Precipitated  hydrated  silica 
Amorphous  silica 
Amorphous  silica 
Normal  lead  stearate 
2*  -Dimethyl- 2 , 5-bis (t-butyl  peroxy ) 
nexane 

2,5- dimethyl- 2 , F-bis(t -butyl  poroxy ) 
hexyr;e-3 
Magnesium  oxide 
Magnesium  silicate 

Ethyiene-px opylene-diene  terpolymer 
Silane  treated  aluminum  silicate 
Precipitated  silica 
Precipitated  silica 
Precipitated  silica 
Precipitated  silica 
Ethyiene-prcpylene-diene  terpolymer 
Vinyltriethoxy  silane 
Vinyltrime" hoxy  silane 
Vinyl  silane 

Gamma-  aminopropyltriethoxy  silane 
Fumed  silica 

Precipitated  hydrated  calcium  silicate 
40%  a-a • his (t -butyl  percxy)  di- 

isopropylbenzene  on  Burgess  KE  clay 


Source 

Degusaa,  Inc. 

Degua&a,  Inc. 

Deguasa,  Inc. 

R T.  Vanderbilt  Co  , Inc. 


Cabot  Corporation 
Rohm  6 Haas  Co. 
Burgess  Pigment  Co 
Burgess  Pigment  Co 
Union  Carbide,  Corp. 
Ware  Chemical  Corp. 
Ed,  duPont  daNemours 
Ed,  duPont  deNemours 


Co. 

Co. 


Hercules,  Inc. 

Hooker  Chemical  Corp. 
National  Lead  Co. 

National  Lead  Co. 

Morton  Chemical  Co. 

PPG  Industries 
Illinois  Minerals  Co. 
Illinois  Minerals  Co. 
National  Lead  Co 
Penvalt , Lucidol  Div 

Penwalt,  Lucidol  Div. 

Merck  £ Co  , Inc. 

Cyprus  Mines,  United 
Sierra  Div. 

E.I,  duPont  deNemous  6 Co. 
J , M Huber  Corp 
Philadelphia  Quartz  Co. 
Philadelphia  Quartz  Co. 
Philadelphia  Quartz  Co. 
Philadelphia  Quartz  Co. 
Unircyal  Chemical  Div 
Union  Carbide  Corp. 

Union  Carbide  Corp. 

Union  Carbide  Corp. 

Union  Carbide  Coro, 

Cabot  Ccrp, 

PPG  Inudstries,  Inc, 
Hercules,  Inc, 
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Appendix  B 

Tables  of  Compounding  Ingredients  and  Test  Results 


Duplicate  Compounds  of  Base  Polymers 
1785-47A  and  1829-20. 


Table  1 
Table  II 

Table  III  Compoun  of  Base  Polymer  1931-07. 


Compounds  of  Base  Polymers  1785-47A, 
1829-20,  and  1869-34. 
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TABLE  II  (Cor.tin 


TABLE  II  (Continued) 


TABLE  IJ • Continued 


TABLE  II.  Cont 


TABLE  III.  Cent 
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